Thoracic surgery is considered the standard of care for people with early stage lung cancer who are deemed fit enough. Modern Historically, the prognosis for individuals diagnosed with lung cancer has been bleak. However, the past 10 years have seen important advances in treatment and diagnosis which have translated into the fi rst improvements seen in lung cancer survival. This review highlights the major advances in treatments with curative intent, systemic targeted therapies, palliative care and early diagnosis in lung cancer. We discuss the pivotal research that underpins these new technologies/strategies and their current position in clinical practice.
Tumour
Primary tumour classification is now subdivided into: T1a ≤1 cm, T1b >1 to 2 cm, T1c >2 to 3 cm, T2a >3 to 4 cm, T2b >4 to 5 cm, T3 >5 to 7 cm and T4 >7 cm. Tis and T1mi were introduced for adenocarcinoma in situ and minimally invasive adenocarcinoma.
Endobronchial tumours located <2 cm from the main carina were found to have a better prognosis so have been reclassified as T2 rather than T3. Similarly, total lung atelectasis / pneumonitis is now classed as T2. Diaphragmatic invasion has been upstaged to T4. Mediastinal pleural invasion is no longer used as a descriptor.
Node
Nodal station descriptors have not changed: N1 ipsilateral hilar node, N2 ipsilateral mediastinal or subcarinal node, N3 contralateral mediastinal or supraclavicular/scalene node.
Metastases
M1a, for intrathoracic metastases, remains unchanged. Extrathoracic metastases have been reclassified into M1b; single extra-thoracic metastasis in a single organ or M1c; multiple extrathoracic metastases in a single organ or multiple organs.
Previously curative treatments were generally reserved for stages I-IIIA; however, the treatment of oligometastatic disease (broadly defined as less than 5 metastases in a single organ 6 ) is an area of growing research interest. When oligometastatic lung cancer is treated aggressively with ablative radiotherapy or resection, several observational studies have estimated 1-year survival to be 35-56%. [6] [7] [8] This is a significant improvement if one considers that
Introduction
For several decades lung cancer has been the most common cancer in the world. 1 In 2014 there were 46,403 new cases of lung cancer diagnosed in the UK. 2 It is the third most common cancer after breast and prostate, but has the largest proportion of all cancer-related deaths (22%). 2 The overall age standardised incidence has declined slightly over the past 40 years, which is a combination of a marked decline among men and an increase for women (Fig 1 ) . Approximately 62% of people have advanced stage disease at diagnosis. 3 When combining all stages of lung cancer in England, 1-year survival has improved from 24.5% in 1995-9 to 36.7% currently. 4 Much of this improvement has occurred since 2010 and is attributed to developments in lung cancer care.
Staging
It is important to accurately stage patients with lung cancer as this contributes to treatment options and prognosis. Better access to positron emission tomography with computed tomography (PET-CT) scanning and endobronchial ultrasound (EBUS) for mediastinal lymph node sampling have increased the accuracy of staging for lung cancer.
surgical techniques have been developed, including less invasive video-assisted thoracoscopic surgery (VATS) for lung resections (Fig 3 ) , that are changing the boundaries of surgical fitness. ). Over the past 10 years, surgical resection rates have increased from 9% to nearly 17% 3 and surgeons are now more likely to operate on people who are older than 70 years 12 (the median age of lung cancer diagnosis is 73 years). The use of lung-sparing surgery has also increased which has resulted in the incidence of pneumonectomy decreasing, an operation which carries an approximate 11% mortality risk within 90 days. 13 Laparoscopic robotic surgery is being developed but it is not currently recommended in the UK. There are inequalities in access to thoracic surgery across the UK. The 2016 National Lung Cancer Audit reported that the range of patients with non-small cell lung cancer (NSCLC) who received surgical treatment varied from 5% to 36% across different trusts. 3 Previous studies have also demonstrated that a person can be up to 51% more likely to receive thoracic surgery for lung cancer if they are first diagnosed in a thoracic surgical centre, 14, 15 and this effect is most pronounced in surgical centres with the largest lung cancer populations.
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Radical radiotherapy
Radiotherapy continues to evolve and there are different techniques now being used to treat lung cancer with curative Recent advances in the management of lung cancer intent. Stereotactic ablative radiotherapy (SABR), which has been developed for use in lung cancer since the early 2000s, but not widely used in the UK until the late 2000s, is able to deliver large doses of radiation with a high precision of 1-2 mm to small lesions of <1 cm 3 using an external 3D coordinated system that is linked with movements during the respiratory cycle (Fig 4 ) . It has primarily been reserved for people with early stage cancer who have been unable/unwilling to undergo surgical resection due to medical comorbidities. A meta-analysis of observational studies has demonstrated that SABR has a survival benefit over conventional curative intent radiotherapy (2-year survival 70% with SABR vs 53% for conventional radiotherapy). 16 A phase II prospective cohort study also found 3-year survival to be 55.8% with SABR in T1-2 N0 M0 lung cancers. 17 As well as improved overall survival, SABR also has better rates of local disease control compared to conventional radiotherapy at 3 years (87.2% SABR vs 43% conventional radiotherapy). 17, 18 Given its success in treating inoperable patients, research is now focused on its use in patients who would be medically fit for surgery. Research evidence has so far been restricted to propensity matching and the two best studies show conflicting results, one favouring SABR 19 and the other surgery for early stage lung cancer. 20 There have been attempts to run randomised controlled trials but these have failed to recruit adequately. Three further trials are underway.
Radiofrequency / microwave ablation
Originally used for the treatment of primary or secondary hepatic tumours, percutaneous radiofrequency ablation (RFA) for lung tumours was first described in 2000 by Dupuy et al . 21 It is used for early stage peripherally based lung tumours or metastases in medically inoperable patients. Under CT guidance, an expandable needle which contains multiple electrodes is inserted percutaneously into the lung lesion (Fig 5 ) . A sinusoidal current is then passed through the electrodes causing thermal destruction of cells and coagulation necrosis. Alternatively, a microwave probe can be used to achieve the same ablative effect. The commonest complication reported is pneumothorax; however, only 4-16% of patients require chest drain insertion. 22 There are no studies comparing outcomes from RFA with surgical resection; although, cases series report 75% overall survival in stage I inoperable lung cancer.
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Systemic therapies
In contrast to treatments for small cell, chemotherapy for NSCLC has revolutionised over recent years and is becoming increasingly more targeted and individually tailored to each patient based on identification of driver genetic mutations; epidermal growth factor receptor (EGFR), epidermal growth factor receptor thr790met (EGFR T790M), anaplastic lymphoma kinase (ALK) and ROS proto oncogene 1 (ROS-1). It has therefore become more important than ever to obtain a histological diagnosis in those physically fit enough to have treatment, particularly as these newer treatments are better tolerated by patients than standard chemotherapy. The notion of targeted treatments based on lung cancer histological subtype first became apparent as people with adenocarcinoma were found to have superior survival with cisplatin/pemetrexed chemotherapy compared to cisplatin/ gemcitabine, whereas the opposite was true for those with squamous cell histological type. 24 The first genetically targeted treatment for NSCLC was gefitinib. This is an orally administered treatment which effects the EGFR through tyrosine kinase inhibition. The EGFR is a transmembrane surface protein that is activated by the binding of epidermal growth factor. Once bound, an intracellular tyrosine kinase domain causes a cascade of events, primarily DNA synthesis and cellular proliferation. In approximately 15% of people with NSCLC, control of the tyrosine kinase domain in the EGFR is lost due to a mutation in the EGFR gene leading to uncontrolled proliferation. When initially given to all patients with NSCLC, gefitinib was found to have a response in a certain subgroup of patients, predominantly Asian, female, adenocarcinomas and never-smokers. 25 This prompted researchers to investigate for mutations in the EGFR gene which proved to be overexpressed in those who responded to gefitinib. 26 A further randomised control trial by Maemondo et al was pivotal as all patients with NSCLC harbouring EGFR mutations were randomised to receive either gefitinib or standard 
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chemotherapy (paclitaxel and carboplatin). The gefitinib group had a significantly longer progression free survival of 10.8 months vs 6.4 months in the chemotherapy group. 27 There are now several approved treatments by The National Institute for Health and Care Excellence (NICE) for use in people with EGFR mutation positive NSCLC: erlotinib, afatanib and gefitinib. Other targeted treatments which have been approved by NICE are crizotinib for ALK / ROS-1 mutation positive NSCLC and osimertinib for EGFR T790M mutation positive NSCLC. The newest class of systemic treatments are immune checkpoint inhibitors: pembrolizumab, nivolumab and atezolizumab. They act through the programmed death-ligand 1/2 (PD-L1 and PD-L2) and programmed death 1 (PD-1) receptor pathway. PD-L1 and PD-L2 are proteins which are thought to suppress the immune system by binding with the PD-1 receptor on activated T cells (which are responsible for causing cytotoxic death of cancer cells when activated by tumour antigens). Some cancer cells have been found to express PD-L1 and PD-L2 on their cell membrane, effectively providing a cloak of protection from the immune system. These immunotherapies block the PD-L1/2 and PD-1 receptor pathway, thereby removing the brakes on the immune system, allowing cancer cells to be identified and undergo cytotoxic T cell mediated death. PD-L1 testing was developed as part of the KEYNOTE-001 trial and is carried out via immunohistochemistry staining of tumour cells and calculating the proportion of cells stained. The KEYNOTE-010 trial demonstrated that pembrolizumab at two different doses significantly improved overall survival compared to standard chemotherapy (docetaxel) in people with previously treated NSCLC who had >1% expression of PD-L1 tumour cells. 28 Similar findings have also been found with nivolumab compared to docetaxel in patients with >1% PD-L1 expression. 29 CTLA-4 (cytotoxic T-lymphocyte-associated protein 4) is another molecule present on lymphocytes that down regulates the immune system for which inhibitors are available. Ipililumab, a CTLA-4 inhibitor, has shown promising results 30 and phase III trials of this drug in combination with other systemic anticancer therapies to treat NSCLC, such as the checkmate 227 trial, are currently in progress. These treatments are expensive and it is estimated the cost per quality-adjusted life year (QALY) of pembrolizumab is approximately £50,000. Despite its significant cost, pembrolizumab has been approved by NICE for use within the cancer drugs fund, as first-line treatment for PDL-1 positive (>50% tumour staining) advanced stage NSCLC. Similarly, nivolumab as well as pembrolizumab have both been recommended by NICE to treat previously treated advanced stage PDL-1 positive NSCLC.
Supportive and palliative care
Specialist palliative care also has a vital role in lung cancer care and much work has been carried out to optimise its use and improve patient outcomes. Temel et al examined the effect of early specialist palliative care support compared with standard care in ambulatory patients with metastatic NSCLC referred to the medical oncology outpatient department. 31 They found a significant difference in median survival with the early supportive care group, 11.6 months, compared to 8.9 months in the standard care group. These patients also had a better quality of life score and fewer depressive symptoms (based on questionnaire results) and were less likely to require aggressive end-of-life care support. The finding is supported by another trial, which found an improvement in 1-year survival in patients who received early supportive care. 32 Integrating early enhanced supportive care for people with advanced cancer into standard oncology care has been recommended by the American Society of Clinical Oncology, which, after conducting a systematic review of clinical trials concluded there is strong evidence that early palliative care improves quality of life, reduces depression and improves satisfaction with care; however, there was less evidence to show that it improves survival. 33 Integrated palliative care and oncology services vary by hospital in the UK as no national guidance exists. This integration is arguably a more cost-efficient use of resources than approving use of some of the systemic targeted treatments as not a single trial of enhanced supportive care has demonstrated a cost increase over routine care.
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Early detection
A significant shift in the outcomes of lung cancer may lie with improved early detection. Broadly, this can be augmented by introducing screening initiatives, improving awareness and recognition of lung cancer and clearer referral pathways. Screening for lung cancer using low dose CT scanning is currently under consideration by the UK National Screening Committee. It has been shown as an effective way to detect early stage lung cancers and improve mortality compared to chest X-ray. The largest trial, the National Lung Cancer Screening Trial (NLST), 34 was conducted in the USA. It randomised 53,454 people who were 55-74 years old and were current or ex-smokers in the past 15 years, with a 30 or more pack year history, to receive either a CT chest or plain chest X-ray. The authors found a 20% reduction in lung cancer specific mortality rate and a reduction of 6.7% in overall mortality rate in the CT group. A similar pilot trial has been conducted in the UK, the UK Lung Cancer Screening Trial (UKLS), 35 and has used a more selective method of identifying patients for CT screening by sending a questionnaire to identify high-risk individuals (defined as ≥5% 5-year lung cancer risk) using the Liverpool Lung Project risk score. Those identified were then randomised to CT or no intervention. The lung cancer detection rate was 2.1%, the majority of which (86%) were stage I and II. The resection rate was 83% with 10% of resections being done for benign disease (less than half that in other screening trials). The incremental cost-effectiveness ratio was estimated to be £8,466 (£5,542-£12,569) per QALY. Other European trials have been conducted with mixed results, partly due to inadequate study design. The Dutch-Belgian trial, NELSON, is due to report on mortality outcomes in the near future and the results may influence the decision of whether to implement lung cancer screening in the UK. Before screening can be implemented many questions remain and much research has been focused to address the concerns of cost effectiveness, screening intervals, selection criteria, participation rates, optimal diagnostic workup and minimising harm as well as incorporating effective smoking cessation. Although there is no national screening programme there have been many localised CT screening pilots set up throughout the UK as part of the 'Accelerate, coordinate and evaluate' project by Cancer Research UK and through other funding sources, these are still ongoing.
Increasing awareness through national media campaigns such as 'Be Clear on Cancer', implemented in 2012, have been used to augment early diagnosis. When evaluated the campaign was estimated to have led to 700 additional lung cancers being diagnosed compared to the previous year, with approximately 400 more people having an earlier stage at diagnosis. 36 Improving
s45
Recent advances in the management of lung cancer awareness among healthcare professionals as well as patients is also needed. Research has suggested that people who die within 90 days of a lung cancer diagnosis have more interactions with their GP prior to diagnosis than those who lived longer, suggesting that earlier opportunities to capture the diagnosis are being missed perhaps due to lack of awareness. 37 Augmenting early detection also requires clear and efficient referral pathways. The Clinical Expert Group for lung cancer, NHS England, has produced guidance to assist commissioners in allocating resources to balance the hub and spoke inequalities in lung cancer care. It has also developed a National Optimum Lung Cancer Pathway. Part of this new pathway recommends that the chest X-ray is reported while the patient is within the radiology department and if it is abnormal the patient undergoes a CT chest the same day or within 72 hours (Fig 6 ) . The new pathway would also allow primary care direct access to CT scanning. These changes could reduce referral times by weeks as they bypass the inherent delays of the report reaching the GP and the subsequent GP referral / further secondary care CT scan. This may also decrease emergency presentations as patients are captured earlier. In order to best select patients for referral from primary care several lung cancer risk scores have been developed; however, they all need to be compared head-to-head to assess which performs best so that radiology services are not overwhelmed by chest X-ray and CT scan requests once the pathway is introduced.
Conclusion
Many technical, pharmacological and service developments have been made in the staging and treatment of lung cancer over the past 10 years but questions still remain about how to best implement these and their cost effectiveness. Further research is needed to ascertain whether newer radiotherapy techniques, such as SABR, are equivalent to surgery for early stage lung cancers. Much discussion still surrounds the newer targeted agents' cost effectiveness and whether improving early supportive care might be a good use of resources.
Although new treatments are available there are inequalities in access to them and further consideration in commissioning of resources is needed to tackle the hub and spoke effect. Arguably the most effective development that has been made in improving the outcomes for lung cancer is CT screening; however, it still remains to be introduced in the UK despite good evidence for effectiveness. ■
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